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Previous work has indicated that target-masker similarity, as well as stimulus uncertainty, influences
the amount of informational masking that occurs in detection, discrimination, and recognition tasks.
In each of five experiments reported in this paper, the detection threshold for a tonal target in
random multitone maskers presented simultaneously with the target tone was measured for two
conditions using the same set of five listeners. In one condition, the target was constructed to be
“similar” (S) to the masker; in the other condition, it was constructed to be “dissim{2)to the
masker. The specific masker varied across experiments, but was constant for the two conditions.
Target-masker similarity varied in dimensions such as duration, perceived location, direction of
frequency glide, and spectro-temporal coherence. Group-mean results show large decreases in the
amount of masking for the D condition relative to the S condition. In addition, individual differences
(a hallmark of informational maskingre found to be much greater in the S condition than in the

D condition. Furthermore, listener vulnerability to informational masking is found to be consistent
to at least a moderate degree across experiments20@3 Acoustical Society of America.
[DOI: 10.1121/1.1577562

PACS numbers: 43.66.Dc, 43.66.[jIRL ]

I. INTRODUCTION from stimulus uncertainty can be substantially reduced by
) ) introducing target-masker dissimilarity. To the extent that

There is considerable room for argument about how beskyis s in fact the case, one can conclude that an adequate
to define informational masking or even whether the termypeqry of informational masking must take account of target-
“informational masking” is useful. Nevertheless, it is gener- pasker similarity as well as uncertainty. The experimental
allx agreed_that informational maskmg is dl_stmct from ener-rasults reported in this paper add to previously reported in-
getic masking, where energetic masking is defined as thgmational masking experiments concerned with target-

masking that results from competition between target anghasker similarity not only by providing additional data, but
masker at the periphery of the auditory systére., at the  p exploring additional dimensions of similarity and by em-
level of the basilar membrane or auditory nerv@onsistent ploying the same set of listeners in all of the experiments.
with this characterization is the idea that informational maskynasmuch as intersubject variability is known to be extraor-
ing _reflects vuln_erability of certain central portipns of the dinarily large in informational masking experiments, com-
auditory processing systefe.g., related to attentional phe- 4ring the results for individual listeners across several dif-

nomena. Furthermore, it has been amply demonstrated thaferent experiments can provide important additional insight
substantial amounts of informational masking can be createghq the nature of informational masking.

through the introduction of uncertainty in the acoustic stimu-

lus. In fact, some investigators have used the effects of un-

certainty to define informational maskir{g.g., Watson and |I. BACKGROUND

Kelly, 1981; Neff, 1995; Oh and Lutfi, 2000Although it has ] . ) o

not been shown that stimulus uncertainty is either a neces- FPrevious research on informational masking includes

sary or a sufficient condition to produce nonenergetic maskstudies of both simultaneous and sequential masking for dis-

ing, there is no doubt that stimulus uncertainty can produc&'imination and recognition as well as for detection, for a

large amounts of such masking under a wide variety of conWide variety of signal types ranging from simple tonal

ditions. Further comments on some of these conceptual iStimuli to running speech. The following comments focus on

sues are available in Durlagt al. (20033. the empirical work on informational masking for simulta-
In this paper, we report the results of a series of detecD®0US nonspeech stimuli in which the target is a fixed-

tion experimentginvolving tonal targets and random multi- fréquency tone and the masker is a multitone complex whose

tone maskers presented simultaneously with the tadgst frequency components are varied randomly from presenta-

signed to demonstrate that informational masking resultingion to presentation or trial to triale.g., Neff and Green,
1987; Neff and Callaghan, 1987; Neéft al, 1993; Neff,

1995; Neff and Dethlefs, 1995; Kiddt al, 1994; Oh and

@Portions of this work were presented at the Acoustical Society of Americ . . ; ; Y
meeting in Pittsburgh, PA in June 200i@asonet al, J. Acoust. Soc. Am. “Lutfi, 1998, Wright and Saberi, 1999; Richaretsal, 2002.

111 247GA) (2002]. The spacing of the masker components is restricted in such a
PElectronic mail: durlach@mit.edu way that relatively little masker energy occurs in the fre-
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quency region around the signal to@lled the “protected informational masking data in terms of channel-weighting
region”). Because the amount of energetic masking deanalyses.
creases with the size of the protected regich Neff et al, Apart from the modeling work noted above, which is
1993, many of the experiments designed to focus on inforfocused primarily on uncertainty in the stimulus combined
mational masking use protected regions that are equal to avith channel weights, the main theoretical notions that have
greater than the “critical band” around the given target fre-been proposed to help understand informational masking
quency. Also, because in many cases both energetic and iphenomena concern the perceptual grouping or segregation
formational masking are expected to occur at least to somef target and maskefLeek et al, 1991; Kidd et al, 1994;
degree, attention is given to how much masking is energetidleff, 1995; Oh and Lutfi, 2000 At a crude intuitive level,
and how much is informational, and to how the two types ofinformational masking occurs because the listener finds it
masking interactie.g., Lutfi, 1990. The number of tonal difficult to focus attention on the target in the presence of a
components in the masker, and the frequency range of thogbstracting or confusing masker. Although uncertainty is
components, as well as the extent to which the componengdearly relevant to this phenomenon, so is the extent to which
are randomized in amplitude and frequency, varies with théhe target “sounds like” the masker and is grouped with the
experiment. Also, the relative effect of randomizing the specmasker. In the words of Leekt al. (1991, pp. 205-206
trum of the masker between intervals and between trials in/nformational masking is broadly defined as a degradation
two-interval paradigms has been examin@d. Neff and ©f auditory detection or discrimination of a signal embedded
Green, 1987; Neff, 1995: Neff and Dethlefs, 1995; Wrightin & context of other similar sounds” and “A target that is
and Saberi, 1999; Richards al, 2002. sufficiently different from the surrounding tones along some
The effect of randomizing the spectrum of the maskerdcoustic dimension will be heard with increased precision.”
can be exceedingly large. However, the results of such ex!NUS; in addition to uncertainty, similarity, which is well
periments are strongly listener dependent. Whereas some (i§10WN to be a factor in the extent to which auditory objects
teners, occasionally referred to as “holistic” or “synthetic’ MaY b€ grouped into a single auditory image or segregated

listeners, evidence very large effects of the uncertainty in thdto ;eparate 'mage@'g" Bregmap, ,1990 ha; also begn
multitone masker, other listeners, often referred to as “anagon&dered as an important factor in informational masking.

lytic” listeners, show hardly any effect at dlEspinoza-Varas . In the studies _by Kidet al. (1994 and Neff (1995, -
and Watson, 1989: Neff and Dethlefs, 1995 Lugfial, informational masking was reduced by decreasing the simi-

2003. Moreover, it appears that the variation in the size of!arlty between target and masker in a variety of dimensions

this effect arises primarily from variation in the masked".“;‘“‘i'”gt_;pfe“igf;ﬁ?”f‘; Sla;tzrgf} Stu rggt;lognéSand ir;tleyr)aural
threshold for the uncertain-masker case rather than for thg <" patl ! IP. u D

certain-masker cagavhich is often broadband noiseQues- the purpose was to increase th.e perceptual differences be-
fween the signal and the sinusoidal masker components and

tions of current interest in this area include: To what extentthus facilitate hearina out the sianal from the tonal com-
does a listener’s ability to resist informational masking vary lex.” In the Kidd etaQI] study(1994g1 0. 347§ the stimulus

with the experimental task? What other differences amoni]anipulations were chosen so that “they produced the sub-

!;st(;ners ﬁorrelzti thth-thls gt:\“ty‘ (:'.OW thCh cantthlts ;bt jective impression that the signal and masker were perceptu-
Ity be enhanced by trainings According 1o a recent study %Ily segregated into different auditory ‘objects’ or ‘images.’”

Ox_enhamet al. (2093' there ISa S|gn|_f|cant p05|t_|ve COITe" The results of both of these studies are considered along with

Ia_1t|0n bgt\_/veen resistance to informational masking and MU5ur own results in Secs. IV and V. In the paper by Oh and

sical training. _ _ Lutfi (2000 on harmonicity mentioned above, the authors
Despite the large amount of data on informational maskyaye that “large elevations in threshold are often attributed to

ing that has become available over the past few years, theige 5ck of any predictable structure in the masker that would
have been only a few attempts to model informational maskzow listeners to segregate the single spectral component

ing. Currently there is no model that satisfactorily accountsye|onging to the signal from the collection of the compo-
for all of the empirical results, even when limited to the body ,onts belonging to the maske(p. 706. Accordingly, they

of work on detecting a target tone in a simultaneous ra”dorﬂypothesized that a harmonic masker should produce less
multitone masker discussed above. The most extensive effogsasking when the target is not one of the harmonic compo-

to date is the CoREcomponent relative entropynodel pro-  nents, Their results were consistent with this conjecture
posed by Lutfi(1993. Oh and Lutfi(1998 have shown that  apout the role of perceptual segregation in reducing informa-

the CoRE model, which uses the weighted outpim®an  tional masking(but could not be accounted for by the CoRE
levels and variance®f a set of peripheral filters in addition mgde).

to a variable bandwidth “attentional” f”ter, can predict the In generaL it seems clear that the amount of informa-
variation in threshold with number of masker tortas origi-  tional masking cannot be predicted solely on the basis of
nally found by Neff and Green, 198With considerable ac- uncertainty(even when the computation of uncertainty goes
curacy. In other cases, however, such as the detection thresheyond consideration of the uncertainty in the stimulus
old for an inharmonic tone embedded in a randomizedvaveformg and that target-masker similarity and the phe-
harmonic multitone masker, the model is less succe$8fal nomena of grouping and segregation must also be consid-
and Lutfi, 2000. In distinct but related efforts, both Wright ered. Although the extent to which the components of a com-
and Saber{1999 and Richardt al. (2002 have interpreted plex acoustic stimulus are grouped and segregated into
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S Condition D Condition Varas and Watso(i1989] and in sensory channels other than

5.0 L audition[see, for example, Turvefl973 for a consideration
R — ) of pattern masking in visiop
— 10 Duration The purpose of the present study was to examine infor-
g mational masking, and release from informational masking,
> 02 for conditions in which target-masker similarity was varied
§ 50 while masker uncertainty remained unchanged. This work is
g — thus a relatively direct extension of the previous investiga-
L 1.0 — SWeep tions by Kidd et al. (1994, Neff (1999, and Oh and Lutfi
— _’é (2000. In addition to testing new conditions in which target-
___ masker similarity is varied, all of the listeners participated in
0.2 0 100 200 3000 100 200 300 all conditions of each experiment, thus allowing a determi-
Time (ms) nation of the consistency of listener performance across a

FIG. 1. Schematic illustration of the Duration experiméwp panelsand ~ diverse set of masking conditions. The expectation is that
the Sweep experimeiibottom panels All four panels show the case when this data set will prove useful in future efforts to model in-
the target is preseitbolder lines. The two panels on the left illustrate the S formational masking that take into account the similarity

condition and the two on the right the D condition. In the Duration experi- d/ tual . d fi f d
ment, the S and D conditions differ by target duration. In the Sweep experi-an Or perceptual grouping and segregaton of sounds.

ment, the S and D conditions differ by the target sweep direction.

lll. EXPERIMENTS
distinct images is difficult to quantify, there is some hope _
that eventually one or more metrics of target-masker similarf\- OVerview
ity can prove useful in predicting the amount of informa-  Schematic diagrams of the experiments performed are
tional masking that occurs. It should also be noted thathown in Figs. 1-3. In all cases, S is used to denote “target
target-masker similarity appears to be important in a wideand masker similar” and D to denote “target and masker
range of complex auditory detection and recognition tasksdissimilar.” The following paragraphs contain brief descrip-
For example, there is substantial evidence that target-maskéibns of the experiments performeg@urther details about
similarity plays a major role in speech reception tasks: inforthese experiments are given in Sec. Il Bn each case, a
mational masking tends to increase as the masker goes fromultitone masker with a high degree of frequency uncer-
noise to speech to same-sex talker to same tatker, Frey-  tainty is used. The distinction between the S and D condi-
man et al, 1999, 2001; Brungart, 2001; Brungeet al,  tions is made by changes to the target only and therefore
2001; Arbogaset al, 2002.? Furthermore, a recent study by involves no change in the masker uncertainty. In each case, it
Kidd et al. (2002 provides support for the proposition that s intuitively obvious that the masked threshold in the D
target-masker similarity affects informational masking for condition should be lower than in the S condition, despite the
nonspeech pattern recognition. Finally, it should be notedact that such a result cannot reasonably be predicted on the
that similarity is a well-known factor in the degree to which pasis of either stimulus energy or stimulus uncertaietyg.,
stimuli interfere with or mask each other in sequential asonly in the fifth experiment is there any decrease in stimulus
well as simultaneous maskirifpr extensive work on tempo- uncertainty in going from the S condition to the D condition,
ral patterns and sequential masking, see the work by Watsaind even in that case it seems very unlikely that uncertainty
and his colleagues as exemplified in Watsaral. (1976,  rather than target-masker similarity is the relevant issue

Watson and Kelly(1981), Watson (1987, and Espinoza- Although all the experiments performed were alike in
the sense that the uncertainty in the stimulus consisted of
$ Condition D Condition frequency uncertainty in the masker, they differed with re-
5.0 spect to the parameters used to manipulate the degree of
10 Spatial similarity between target and masker. The first experiment
< Right Ear made use of duration, the second of direction of frequency
z s sweep, the third of interaural parameters influencing spatial
1,; 0.2 perceptual characteristics, and the fourth and fifth of param-
§ 5.0 eters influencing grouping and streaming perceptual charac-
g Soati teristics. Taken all together, it is believed that the array of
& patial . S
1.0 Left Ear stimulus parameter@nd the subjective counterparts of these
parameters manipulated constitutes a sample that is suffi-
02 ciently broad to enable one to draw general conclusions
0 100 200 3000 100 200 300 about the interaction of similarity and uncertainty with rea-
Time (ms) sonable safety.

FIG. 2. Schematic illustration of the Spatial experiment. All panels show the . .

case when the target is presébolder lines. The top panels are the stimuli 1. The shortened-target-duration experiment
presented to the right ear and the bottom panels are the stimuli for the leffDuration)

ear. In the S conditiofleft panel$, both the target and masker are presented

diotically. In the D condition(right panel3, the masker is presented dioti- AS ShOV\_’n in the top two pa_mels of Fig. 1, the S and D
cally and the target monotically. conditions differ by target duration only: the target in the D
370  J. Acoust. Soc. Am., Vol. 114, No. 1, July 2003 Durlach et al.: Informational masking
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S Condition D Condition multiple-bursts-different, or MBD, as in Kiddt al. (1994],

5.0 the frequency of the target tone is now jittered in the S con-
dition but held fixed in the D condition.
1.0 =——a——__ MBS
T ——————— B. Methods
E 0.2 A 1. Listeners
c
20— — == }——  _— Five university students between the ages of 20 and 24
2 —==_= = e (three male undergraduates and two female graduate stu-
10~ ———— —_ MeD dentg participated in all experiments. All five listeners, de-
L — = [T= ——= noted L1-L5, had participated in previous experiments in
oE = === | T—=_""" our laboratory but were selected solely on the basis of avail-
0 120 240 360 4800 120 240 360 480 ability. They were paid for their participation and completed
Time (ms}) the experiments in five 2-h sessiofwith breaks$ over the

FIG. 3. Schematic illustration of the MBS and MBD experiments. All course of 2 weeks.

graphs show the case when the target is predmider lines. The top two
panels show the MBS paradigm. In this case, the masker was always held. General methods and procedures

fixed from burst to burst. In the S conditigtop left), the target was also The stimuli were generated at a 20-kHz sampling rate
held fixed; in the D conditiortop righ, it was jittered in frequency from . .
burst to burst. The bottom two panels show the MBD paradigm. In this cas@nd _Iow-pass filtered at 7.5 kHz. All masker bursts con_5|ste_d
the masker was always jittered. In the S conditibottom lefy, the target ~ Of eight tones that were chosen randomly on a logarithmic
was also jittered; in the D conditigibottom righ}, the target was held fixed. frequency scale from the range 200-5000 Hz on every pre-
sentation, excluding the subregion 800—1250 Hz. The target
condition is shorter than the target in the S condifiom, the was always contained within this protected subregion.
target is turned on after the onset of the magk&his ex- Sounds were presented to listeners through matched TDH50
periment is similar to one performed by Né&ff995. headphones while seated in individual sound attenuating
rooms. Unless stated otherwise, the target was a 1000-Hz
tone, the stimulus was presented monaurally to the right ear,
_ ) and only one stimulus burst occurred in each interval of a
As shown in the bottom two panels of Fig. 1, the maskefiria|. All experiments used a 21, 2AFC two-down and one-up
tones are all upward frequency glides. In the S condition, thdaptive procedure with a fixed masker level of 60 dB per
target is a glide with the same extent and direction as thenasker componeriapproximately 69 dB overall leveand
masker components. In the D condition, the target glide is iryp adaptive target level. Also, all experiments employed

2. The reversed-frequency-sweep experiment (Sweep)

the opposite direction from the masker components. correct-answer, trial-by-trial, feedback.
The sessions began with several adaptive runs to esti-
3. The separate-spatial-channels experiment (Spatial) mate the unmasked target thresholds as well as to familiarize

the listener with the targets. Next, masked thresholds were

nsists of a diotic multitone masker with a diotic tonal tar obtained alternating between the two conditions S and D
consists ot a diotic one maske otic tona after every two adaptive runs. A total of eight adaptive

get. In the D condition, the target is simply removed fromtracks, with a minimum of 50 trials and 9 reversals each,

one ear so_that the ”?as_kef Is diotic a_n_d th_e target IS mono“?/\'/ere obtained for every condition. Each adaptive track began
This experiment is similar to a condition in the Kiad al.

ST . . with a step size of 4 dB that was changed to 2 dB after the

i(rﬁ\?:)ffrzigggand is similar in intent to a binaural condition third reversal. An even number of reversals, beginning with

' the fourth or fifth, were averaged to obtain one threshold

estimate. To reduce learning effects, only the last 6 of the 8
4. The jittered-target-frequency experiment (MBS) threshold estimates were used in the final data analysis.

The top two panels of Fig. 3 illustrate the fourth experi- e
ment. In both the S and D conditions, the masker and targe?f‘ Specific stimul
consist of multiple-burst stimuli. Whereas the frequencies of ~ In the Duration experimer(fig. 1, top, the duration of
the masker components are always held fixed from burst tée eight-component masker was 300 (imluding 20 ms
burst [referred to as multiple-bursts-same, or MBS, as inc0sine-squared ramps for both onset and offsiet the S

Kidd et al. (1994], the frequency of the target tone is fixed case, the target had exactly the same temporal characteristics
in the S condition but jittered in the D condition. as the masker. In the D case, the target began 100 ms later

than the masker but retained the synchronous offset; thus its
duration was only 200 mgincluding its 20 ms cosine-
squared ramps

The bottom two panels of Fig. 3 illustrate the fifth ex- In the Sweep experimentFig. 1, bottom, the eight
periment. As in the fourth experiment, multiple-burst stimuli components of the masker had random starting frequencies
are employed in both the S and D conditions. However, inas in the above experimgnbut instead of remaining con-
this experiment, whereas the frequencies of the masker astant they were rising frequency glides. The frequency of
now always randomized from burst to bufseferred to as each

Figure 2 illustrates the third experiment. The S condition

5. The constant-target-frequency experiment (MBD)
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component increased by a factor of 1.49 over the 300-ms 60
duration of the masker. In order to maintain the 5000-Hz

upper limit on the frequencies present in the masker, the 50
highest possible starting frequency of any masker component
was 3356 HZA5000 Hz/1.49. In the S case, the target was an
upward glide from 820 to 1220 Hz. In the D case, it was a
downward glide covering the same frequency range. In all
cases, each component had a duration of 300 ms including
20 ms cosine squared onsets and offsets.

In the Spatial experimeniFig. 2), the masker was the
same as that used in the Duration experiment, except that it
was presented diotically rather than monotically. The target
tone was presented synchronously with the masker either di-
otically (the S caseor monotically(the D casg

In the MBS experimentFig. 3, top, the masker and the
target consisted of eight contiguous 60-ms bursts WwitlFIG. 4. Amount of maskingmasked threshold minus unmasked threshold
cosine-squared onset and offset ramps of 10 ms and a tot@r th'e five experiments and two target cqn_ditions S and D averaged over the
duration of 480 ms. The frequency of each component of thgve listeners. The resgl_ts for the S condition are _sht_)wn by blac_k bars; the

. results for the D condition by white bars. The variation among listeners is
masker was always held constant throughout the stimuluggicated by the error bars, which show the standard error of the mean.
presentatior(i.e., from burst to burst but not interval to in-

terva). In the S condition, the frequency of the target Wasgp) for the various listeners and targets. The error bars in

also held constant from burst to burst; in the D condition,gjg 4 give the standard error over the five listeners whereas
however, the target frequency was randomly jittered froMpe error pars in Fig. 5 give the standard deviation over the
burst to burst over the range 8201220 Hz. six final adaptive runs for each listené&tandard error was

In the MBD experimentFig. 3, bottom, the bursts have o, osen for Fig. 4 and standard deviation for Fig. 5 for visual
the same temporal characteristics as in the MBS case. HoWigpiay purposes. Standard deviations for Fig. 4 are obtained
ever, in contrast to the MBS case, the frequencies of thgy, o, ,iiniving the results shown by5. Standard errors for
masker were always randomized burst to burst in the ranggig_ 5 are obtained by dividing the resuilts shown§/.) On

200_5000 Hzexcluding _the protected regi;q_nThus, in this average, the standard deviations across the six repetitions are
experiment the S condition employed a Jlttered-frequency7_l dB for the S condition and 5.4 dB for the D condition.

target(in the range 820-1220 hiand the D condition em- The most striking result seen in Fig. 4 is that in all five
ployed a constant-frequency target.

O,

40
30 1 T

20

Amount of Masking (dB)

10

0
Duration Sweep Spatial MBS MBD

IV. RESULTS 28’ ' ' L]
Possible learning effects were checked by examining the 40}

slopes of the threshold versus repetition functions. Averaged 20 _.ﬂ ﬂ lﬂ m ]

over the listeners and experiments, these slopes were rela-

80
tively shallow (—0.38 dB/repetition for the S condition and

L2

" .\ 60 1

—0.15 dB/repetition for the D condition However, there 40 ]

was considerable variation in these slogée standard de- 20 ]
viations were 2.2 and 1.8 dB/repetition, respectiyelyn J-Ll |

’ L3]

oo
=)
general, these data are not adequate to study learning effects. __‘!;” 80
Although for many listeners and many conditions, the learn- w 60 ]
ing observed over the last six repetitiofise measurements g 40¢
used in subsequent analys@gs relatively minor, one cer- -2 20 l‘ 'J_L‘ ﬂ .ﬁ_
tainly cannot claim that asymptotic performance was ap- é 80F M L4
proached. As pointed out previously, the issue of training in < 60t
informational masking is an important one and will require 40
substantial future work. 20 "'l ‘_Ll ﬂ 'D_
The average amount of masking for each experiment, 80 . G
displayed in bar graph form, is shown in Figs. 4 and 5. 60 ]

Whereas Fig. 4 shows the results averaged over listeners, 40 ]
Fig. 5 shows the results for the individual listen€rg—L5). 20 ]
In both figures, the black bars show results for the S condi- 0 ﬂ
tion (target and masker similaand the white bars for the D Duration Sweep Spatal MBS  MBD
condition (target and masker dissimijarin all cases, the _ _
amount of masking was obtained by subtracting each indi:—.zIG' 5. The same as Fig. 4, except the results are plotted for_ each of the five
. , . isteners L1-L5 in separate panels. Here, the error bars give the standard
vidual's unmasked target threshold from their masked threshyeyiation about the mean over the six adaptive runs used to estimate the
old. Unmasked target thresholds ranged frerh to 19 dB  threshold value.
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TABLE I. This table shows the meariand standard deviatiopnfor S, D, and S- D across experiments for each
listener. The last column gives the medasd standard deviationacross listeners.

L1 L2 L3 L4 L5 Mean (sd)
s 32.62.9 53.910.8 49.014.5 47.39.5 39.913.7 44.58.4)
D 28.35.2) 27.610.6 24.94.2) 31.54.6 26.72.3 27.92.5
S-D 4.42.7) 26.312.9 24.212.5 15.86.4) 13.215.4 16.98.9

experiments there is considerably more masking for the $he S and D conditions. It is important to stress here, how-
conditions than the D conditions. Given the specific targetever, that a comparison of the amount of masking across
masker parameters used and these specific five listeners, thgperiments, or of the release from masking across experi-
most masking(average of approximately 52 dBvas ob- ments, calculated as S minus D®), has limited meaning
tained in the S condition for the Sweep experiment. The leadbecause these values could easily be changed by constructing
masking for an S condition was obtained in the MBD experi-the S conditions or the D condition®r both conditions
ment (approximately 33 dB All of the D conditions pro- differently. For example, of all the experiments performed,
duced less masking than their S counterparts and the ordére Sweep experiment produces the most masking in the S
was somewhat different, with the Spatial experiment produceondition and the greatest release from masking in going
ing the most maskingapproximately 32 dBand the MBD  from the S condition to the D condition. However, the results
experiment the leastan average of 24 dB Despite these for the Sweep experiment could obviously be radically
results and their statistical significan¢giscussed beloyy = changed merely by altering the slope of the sweep. Similarly,
differences in the actual amount of masking obtained in thehe results for the Duration experiment could be changed
various experiments, the relative amount of masking acrosserely by altering the amount by which the target duration
experiments, or the absolute size of the [3 difference will  was shortened in the D condition. In general, no effort was
not be emphasized because of the dependence of these quamde to equatéacross experimentgither the effectiveness
tities on various arbitrary choices made in the design of thef the various maskers or the strength of the parameters used
experimentgalso discussed belgw to produce the release from masking in the D conditions.
Because listener differences are an important consideffhus, in the remainder of this paper, comparisons of the
ation(and we certainly do not assume that one can generalizemount of masking across experiments or the amount of re-
the results obtained on five listeners to the population as kase from masking across experiments will not be empha-
whole), a three-way ANOVA with listener as a factor was sized. Apart from the main result that in all experiments there
performed. The individual threshold estimates were used as substantial release from masking in going from the S con-
the error term. All main effects and interactions were signifi-dition to the D condition, what is most interesting to explore
cant. Specifically, the three main factors of listenerin the data is how performance varied as a function of the
[F(4,20)=9.97, p=0.0001, experiment  [F(4,20) listener, i.e., the results shown in Fig. 5.
=20.82, p<0.0001], and target-masker similarityF~(1,5) Among the points to be noted when examining Fig. 5 are
=2951.3, p<0.000] were all highly significant, indicating the following. First, as was implied in the average results, the
that each is an important determinant in the amount of mask® condition reduces the amount of masking relative to that
ing produced. Perhaps more interesting are the interactioobtained in the S condition in essentially all cases. Of the 25
terms. The significant interaction of listener by experimentcomparisons between S and D shown in Fig. 5, 24 indicate a
[F(16,80)=10.27, p<0.000] indicates that the difference higher threshold for S than for @Rhe only exception is in the
across experiments depends on listener. The listener BYIBS experiment for L5 The mean values for S, D, and S
target-masker similarity interaction [F(4,20)=19.21, —D (as well as the standard deviatipracross experiments
p<0.000] indicates that the S vs D distinction also dependsfor each of the listenerd.1-L5) are shown in Table | along
on listener, and the interaction of target-masker similaritywith the average and standard deviation of these mean values
and experimenfF(4,20)=6.47, p=0.0017 indicates that over the listeners. These results show quite clearly that the
the S vs D distinction also depends on experiment. Theffect of target-masker similarity depends on listean-
three-way interaction of listener by experiment by target-other of the significant two-way interactions in the ANOVA
masker similarity [ F(16,80)=7.44, p<<0.000] indicates Second, not only is the amount of masking for D less
that the S vs D distinction depends on both listener and exthan for S, but the intersubject variation in the amount of
periment. These points are elaborated below in connectiomasking for D is less than for S. Although this result can be
with an examination of Figs. 4 and 5. seen in Fig. 5, it is most clearly evident in the last column of
Looking first at Fig. 4, one sees that the average result$able |. The standard deviation across listeners for D is less
across listeners clearly show the highly significant effect ofthan a third of the value for 8.5 dB vs 8.4 dB.
target-masker similarity, as expected. The significant effect  Third, looking across both listeners and experiments in
of experiment is also seen in that the experiments tend t&ig. 5, one sees very large variations in the size of the S
produce different amounts of masking, with this difference— D difference and in the amounts of masking for S and for
appearing greater in the S condition than in the D conditionD. The fact that the amount of masking in each experiment
The interaction of experiment and target-masker similaritydepends on the listener illustrates the significance of the two-
can be seen in that the effect of experiment is different foway interaction of experiment and listener. Whereas, in some
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TABLE II. This table shows the values of the quantity DP, which id"ametric for measuring the difference
between the results for the conditions S andt@ken from the values in Fig.)5as well as the mean and
standard deviation of DP across lister{@st row) and experimentlast column. Bolded values are those
differences that would be significant at the 0.05 level using a standastl given the Bonferroni correctidthe
critical DP value is 2.79, see text

Duration Sweep Spatial MBS MBD Me&isd
L1 0.32 0.19 2.89 0.89 2.25 1.311.2
L2 10.12 3.94 0.96 4.72 4.03 4.76 (3.3
L3 4.64 4.82 3.05 5.10 0.84 3.69(1.9)
L4 2.27 4.30 3.09 3.09 1.22 2.79(1.1)
L5 0.72 8.04 1.53 -0.33 1.92 2.383.3

Mean (sd) 3.61(4.0 4.26(2.9 2.31(1.0 2.69(2.4) 2.05(1.2)

cases, the difference-9D is negligible, in other cases it is nhipulation were somehow constructed to produce reductions
nearly 40 dB. The apparent dependence of this difference ot masking that were more equal across experiments.
both the experiment and the listener clearly reflects the sta- Fifth, and finally, the results shown in Fig. 5 indicate an

tistical significance of the three-way interaction of these facintermediate level of consistency of individual subjects
tors mentioned previously. across experimentsiormalized to the level of performance

Fourth, it is evident in Fig. 5 that the variation among Of the average subject across experiments in order to factor
the error bars is extremely largéhey vary by more than a out the arbitrary aspect of the interexperiment comparisons
factor of 10. In order to take these error bars into accountFor example, on the side of consistency, note that whereas
when considering the difference-®, a further analysis was L1 has relatively small SD differences(primarily because
performed. Specifically, in order to evaluate the 3 differ- ~ of relatively low values for § L2—L4 tend to have relatively

ence quantitatively, thd’ metric DP, where large differencegprimarily because of relatively high values
_ of S). On the side of inconsistency, however, note how the
DP— Ms—Mp 0 results for L5 are like those for L1 in the Duration and MBD

\/(?254__(,%)_/2’ experiments, but not in the Sweep and Spatial experiments. A
) ] ) much fuller and more quantitative analysis of listener consis-
was computed for each experiment and listener. In this €Xgancy across experiments and of differences across listeners,
pressionMg andMp denote the means ants andop de- g significant main effect in the ANOVA results, is presented
note the standard deviations for the S and D cases, respeigr the Appendix. According to the results obtained in that
tively. The results of these computations are shown in Tabl@nalysis, the S condition is distinguishable from the D con-
Il. The bold values in this table indicate the conditions thatdition not On|y by the |arger amount of masking and the
are statistically significant at the 0.05 level using a standargarger amount of intersubject variation, but also by an in-
t-test and the Bonferroni correction. The critical valuetof creased tendency for knowledge of listener identity to im-
for df=10, p=0.05 (corrected top=0.05/25=0.002) is  prove predictive accuracy across experiments. More specifi-
4.144, which corresponds to a critical DP of 2. these  cally, the rms deviation between the measured amounts of
calculations DP ist/1.58). According to this conservative masking and the amounts predicted by a simple linear model
analysis, roughly half of the DP values are significant.that takes account of listener identity was calculated for both
Whereas L2-L4 have three or four significant differencess and D conditions. To test the model, the obtained rms
L1 and L5 have only one significant difference. Note alsodeviation was compared to the probability distribution of rms
that whereas four of the five listeners show significant diﬁer-deviaﬂons that would occur by Chan(jel’ by ignoring lis-
ences in the sweep experiment, only one listener has a sigener identity. For the S condition, the obtained rms devia-
nificant difference in the MBD experiment. These same contjon (or smallej would occur only 3% of the time by chance,
clusions can be drawn by looking across the panels of Fig. fndicating a substantial degree of listener consistency across
at each listener or down the columns of the figure at eaclexperiments. In contrast for the D condition an rms deviation
experiment. This dependence of the target-masker similaritiess than or equal to that obtained by including listener iden-
effect on listener, as well as the dependence of the targetity would occur in 52% of the cases without this knowledge.
masker similarity effect on experiment, was confirmed by the
significance of both of these two-way interactions in the
ANOVA results. Again, however, the variation of the results\, ~oMPARISONS WITH PREVIOUS DATA
across experiments must be interpreted with extreme caution
because of the lack of a natural metric for equating the vari-  As mentioned in Sec. Il, some of these experiments are
ous stimulus alterations used to transform the S condition talosely related to experiments reported by Kitcal. (1994
the D condition(the values of DP would undoubtedly change and Neff(1995. Precise quantitative comparisons with these
if different magnitudes for the parameter manipulations wergprevious experiments cannot be made because, aside from
used to create the D conditiond he statistically significant differences in the set of listeners employed, there are sub-
two-way interaction of experiment and target-masker simi-stantial differences in the details of the experiments. For ex-
larity would not necessarily remain significant if each D ma-ample, in the Neff study, unlike our study, a target cue was
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always presented prior to each trial. Similarly, in the Kiddthe five listeners a range of 6 to 22 dB and mean of 15 dB
et al. multiple-burst experiments, unlike our multiple-burst for Spatial; a range of 1 to 41 dB and mean of 18 dB for
experiments, the S condition was transformed into the DDuration; a range of-2 to 38 dB and mean of 18 dB for
condition by altering the masker rather than the target. InVIBS; and a range 6 to 19 dB and mean of 9 dB for MBD.
addition, in neither study was the set of listeners held fixedBecause in both the experiments by Kidtal. (1994 and
across the experimenthus preventing comparisons among Neff (1995 the listeners varied across experiments, the de-
studies of listener consistency across experimemsver- gree of listener consistency across experiments cannot be
theless, to the extent that comparisons can be made acrogsmpared among the various sets of data.

studies, the results appear relatively consistent. For example,

using both a single-burst paradigm and a four-burst para¥l. CONCLUDING REMARKS

digm, for an eight-component masker in both a spatial €x-  Thg resylts reported in this paper, combined with those
periment and a frequency-jitter experiment, Kidal. ronorted in the previous papers discussed above, clearly
(1994 found large differences among listeners, with mask-qemonstrate that decreasing target-masker similafigy,
ing release in the range 0—40 @Bith an average of roughly  45ing from condition S to condition Dtends to reduce the
15 dB). Similarly, these same investigators found SUbs"fj‘”tiaﬁlasking effects of stimulus uncertainty. Also, as in previous
release from informational maskirign the order of 20 dB  experiments on informational masking, the intersubject
when the target was presented only during alternate bursts gfyjation is substantial. Furthermore, this variation appears
the masker, despite the decrease in target energy in the altgf,ch |arger in the S condition than in the D condition. The
nate burst condition. In the NeffL999 study, signal types, amount of reductiorthe threshold for S minus the threshold
temporal factors, and spatial configuration were studied as g, D, S—D) depends both on the type of similarity change
function of number of masker components. Even with thegng on the listener. The results obtained in our experiments
presence of a target cue immediately prior to each trial in alkyggest that there is considerable structure in the matrix of
experiments (and  trial-by-trial correct-answer feedback thresholds for the ten different experimental conditions
substantial informational masking was obtained. Furtherycross the five different listeners. Specifically, in conditions
more, and as expected, there was a substantial decreaseyjfere the amount of informational masking is reduced by
masking for most cases in which target-masker dissimilarityjecreasing target-masker similarity, individual differences in
was introducedagain, differences among listeners were subperformance are relatively modest. In contrast, for conditions
stantia). Relative to the baseline condition of a pure-tonejn which target and masker are similar, individual differences
target, AM (amplitude-modulated targets, QFM (quasi-  are large and the relative amounts of masking observed for a
frequency-modulatedargets, and NBNnarrow-band noise  particular listener are moderately consistent across experi-
targets all showed decreased informational maskial  ments that use different stimuli and methods of decreasing
though the QFM targets were least effective for this pur-similarity. One cannot conclude, however, that individual
pose. Most closely related to the experiments reported indifferences are uniformly large in informational masking
this paper are the experiments with ten masker componentgsks and small in the reference tasks, or that a particular
in which the dissimilarity was created by shortening the sig-istener’s vulnerability to informational masking is rigidly
nal duration or using different spatial configurations for thefixed across tasks. Such a conclusion would not only over-
target and masker. The effect of making the target duratiostate the results obtained in this study, but other studies as
one-half the masker duration varied between 5 and 25 dB fojell. For example, intersubject variability in informational
the four listeners tested. Neff concluded that the duratiommasking tasks involving speech intelligibility seem some-
manipulations were the most effective and most consistent ayhat reducedBrungart, 2001; Arbogast al, 2002. Simi-
reducing the masking caused by masker frequency uncefarly, in some studies of informational masking, the intersub-
tainty. In that same study, the change in threshold in goingect differences in thresholds for the reference conditions
from the monaurafor diotic) presentation for both target and uncertainty, as well as the informational masking condi-
masker to the case in which the target was presented intetions, appear quite largée.g., Wright and Saberi, 1999;
aurally out of phase varied over the range of 10-20 dB. ADurlachet al., 2003D.
expected, a “cross-ear” condition in which the masker was  As indicated previously, it is difficult to draw conclu-
in the ear opposite to the target produced the most releastons about the relative potency in combating uncertainty of
from masking although one listener required substantiathe different target-masker dissimilarity parameters intro-
practice before performance improved. In the spatial experiduced to convert the S condition to the D condition because
ment by Kiddet al. (1994, for the case of 4 or 8 masker of the arbitrary choice of the magnitudes of these parameters
components, mean thresholds improved by 12—-17 dB in goand the current lack of an independent metric to measure
ing from the monotic to dichotic presentati¢signal to one target-masker similarity. Despite this deficiency, all five of
ear, masker to both ears in phader both the MBS and these particular experiments averaged across these particular
MBD (four-burs} conditions, and in going from the MBS to five listeners produced substantial amounts of maskieg
the MBD presentation for both the monotic and dichotic con-tween 33 and 52 dBin the S conditions and large amounts
ditions. of release from masking® to 23 dB for the manipulations
For very rough comparisons with these previous dataused to create the D conditions. Clearly, an important task for
the results of our experiments can be summarized as showirtge future is to develop a target-masker similarity metric that
the following release-from-masking ranges and megansr  can be applied to a wide variety of experimental situations.
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A further issue that has not been addressed by the aboweasking (including results on individual differences and
experiments concerns the extent to which the observed rdraining effecty constitute a major building block in the
leases from masking caused by the reductions of targesearch for an adequate theory. The area of sequential infor-
masker similarity in the various experiments would have ocimational masking, and its relationship to simultaneous infor-
curred even if there had been no uncertainty in the masker. mational masking, will be considered in later papers.
has been implied implicitly by our use of the phrase “com-
bating uncertainty” that if there were no uncertainty, there
would be no nonenergetic masking for the decrease in targeCKNOWLEDGMENTS
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and D conditions in each experiment for all frozen exemplars, - ;' < o No' F49620-01-1-0005 from AFOSR
of the random masker. To the extent that the results of this ' '

additional (massive set of experiments showed a clear re-
lease fr.om masking in going.from condition S Fo conditioln D APPENDIX: ANALYSIS OF LISTENER CONSISTENCY
(and this release from masking were of sufficient magnitude
to rule out explanations in terms of possible changes in en- One of the goals of the current set of experiments is to
ergetic masking that might have occurred in some of theguantify the extent to which the large individual differences
frozen cases in going from S to)Done would be forced propagate across experiments. For example, if a particular
either to define informational masking so as to include efdistener has a very high threshold in the Duration experiment
fects other than those associated with uncertainty OR to resvhen target and masker have the same duration, does this
ognize that there exist types of nonenergetic masking othdistener also have a high a threshold in the Sweep experiment
than informational maskingMore extended discussion of when both target and masker are swept in the same direc-
such definitional issues is available in Durlagt al. tion? How well does knowledge of individual performance
(2003a.] in one task predict performance in another task, and is such

It should also be noted that the data shown in Sec. IV ofndividual knowledge more informative for S conditions
this paper cannot be compared to a quantitative theory dfwhere individual differences are large and where informa-
informational(or nonenergeticmasking because there is no tional masking is more importanthan for D conditions? To
such theory that now exists that takes quantitative account ¢¥hat extent can individual listeners be characterized simply
both masker uncertainty and target-masker similarity. In orby determining their relative susceptibility to informational
der to develop such a theory, it will be necessary to definénasking?
both uncertainty and similarity more adequately, determine  To begin to address these questions, we constructed a
improved methods for measuring these factors, and createsémple linear model of masking in which there is no interac-
structure for properly integrating the effects of these factorstion between the listener and the experimgst, the effects

It should further be noted that for such a theory to beOf listener and experiment are completely separablé/e
truly successful, it will have to explain the very large indi- evaluated how well this model predicts the observed thresh-
vidual differences observed as well as the effects of trainin@!ds compared to predictions in which subject identity is
(once these effects have been adequately documented etnored as well as predictions in which data were randomly
pirically). Independent of whether the effects of training arePermuted to destroy any listener consistency that might exist
generally large or small, and independent of the extent t@&Cross experiments. For the S condition, the simple linear
which training tends to reduce the large individual differ- model that includes listener identity is shown to account for
ences observed, the study of training effects constitutes aypriability in the data beyond what one would expect by
essential step in the development of a serious theory. Alchance. However, for the D condition, the improvements in
though individual differences in susceptibility to informa- the model predictions that take into account listener identity
tional masking are clearly of interest even if such difference’® N0 more than would be expected by chance. These re-
can eventually be “trained out,” the way in which such dif- sults, described below, suggest that listener differences are

ferences should be modeled will obviously depend on th&elatively consistent across different tasks when there is sub-
extent to which, and the manner in which, such “training stantial informational masking, but not when there is little

out” can be achieved. informational masking.

Finally, it should be noted that the stratagem in our re- /N the simple linear model, the amount of masking a
search of focusing on simultaneous informational maskingPart'CUIar listener exhibits in a particular experlm.e.nt is as-
and temporarily ignoring sequential informational masking isSUmed to be a sum of two factors: a factor spfacmc to that
not meant to imply that we believe that the latter area i€XPeriment and a factor specific to that listener:
unimportant or that an acceptablg theory of informational M(L,E) — M(L,E)~E= (M(L,E)- — M(L,E)-€)
masking can attend only to the simultaneous case. On the
contrary, we believe that the results obtained on sequential +(M(L,E)E=M(L,E)-E), (A1)
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TABLE Ill. This table shows the rms deviatidiRMS), correlation(r), and S Condition D Condition
correlation squared ¢) for both the S condition and the D condition for Eq.

(A2) and Eq.(A3). .06 ; H
S condition D condition 2 04 :
Model  RMS r r2 RMS r r2 5 :
Eq. (A2) 7.8 0.78 0.61 4.8 0.57 0.33 g .02 = 0'0262
Eq. (A3) 10.8 0.49 0.24 5.3 0.43 0.18 i

2 4 6 8 10

8 10 2 4 6
where L denotes the listener and can assume any of the val- RMS deviation (dB)
ues L1,L2,...,.L5; E denotes the experiment and can assumgg ¢, Consistency of listeners across experiments. The figure shows the
any of the values Duration, Sweep, Spatial, MBS, or MBD;rms deviation between data and model for the both real listefuashed
M(L,E) denotes the amount of maskifig dB) for listener L Vertical ling and the pseudo listenefsrobability density for the S condi-
and experiment Eas shown in Fig. M(L,E)L denotes the tion (left pane) and the D conditior{right pane). See text for details.
average of ML,E) over L (the group mean profile shown in
Fig. 4; M(L,E)F denotes the average of(ME) over E (as
reported in Table)l and M(L,E)-F denotes the average of
M(L,E) over both L and HEthe grand mean of all the data as
reported in the last column of Tablg |

Note that by collecting and rearranging terms, El)
can be rewritten simply as

(see Table Il show that 24% of the variance is accounted
for in the S condition and 18% for the D condition when the
mean alone is usgdEq. (A3)], but that these values increase
to 61% in the S condition and 33% in the D condition when
a listener-specific term is included in the predictidi.
(A2)]. Thus, incorporating knowledge of listener identity ex-

M(L,E)=M(L,E)-+M(L,E)E—M(L,E)-E. (A2)  plains 37% more of the variance for the S condition, but only

. . . an additional 15% of the variance in the D conditi@om-

The relationship des_crlbed by Eq#l) and.(A2) assUmes  nareq to using only knowledge of the experiment
that thg results for listener L can be estimated by adding While these analyses suggest that knowledge of listener
M(L,E)" (a constant for each value of to the group-mean jqentity improves prediction accuracy, EGA2) has more
profile M(L,E)", normalized by the overall group mean degrees of freedom than E¢A3); thus it is not a “fair”
M(L,E)-F. Note, furthermore, that equatios1) and(A2)  comparison. Even if data points for each experiment are ran-
perfectly describe the data both when performance is thgom|y assigned to “pseudo-"steneré”ather than grouping
same for all listenerbecause then M(L,EFM(L.E)" and  the data by actual listeners in calculativgL,E)E], the rms
M(L,E)¥=M(L,E)-F for all L and E] and when performance deviation will always decrease using the more-complex
is_the same for all experimentfbecause then M(L,E) model [Eq. (A2)] compared to the experiment-only model
=M(L,E)E andM(L,E)-=M(L,E)-F for all L and E. [Eq. (A3)]. In order to obtain better insight into this issue, a

In order to evaluate the extent to which E&2) repre-  boot-strapping method was used to determine the extent to
sents the data for both the S and D conditions, the rms dewhich, for the data points we were fitting, the observed im-
viation between the predicted values ofllVE) and the mea- provements in the model predictions is more likely to arise
sured values of NL,E) was computedseparately for S and by chance than from the actual listener-specific characteris-
D conditiong. The results of this computation, included in tics. More specifically, in order to assess whether these im-
Table IIl, show that the rms deviation for the S condition isprovements are better than expected by chance, we deter-
7.8 dB and the rms deviation for the D condition is 4.8 dB. If mined how often random permutations of the measured data
instead of using Eq(A2) to estimate ML,E), we used lead to better predictions than the predictions based on
simply grouping the data by listener. In other words, predictions

= using Eqg.(A2) were compared to the results obtained when

M(LE)=M(L.E), (A3) the correspondence between listeners and the measured val-
i.e., we ignored subject differences and just used the groupses of ML,E) were randomized. In this analysis, we)
mean profile to estimate 4,E), then the rms deviations constructed results for randomized pseudo listeners by ran-
(also shown in Table I)lwould have been 10.8 dB for the S domizing the correspondence between L and /&) (subject
condition and 5.3 dB for the D condition. Although in an only to the constraint that the experiment E was held fixed in
absolute sense, the rms deviation between data and preditie randomizatiop (b) calculated the rms deviation for each
tions is larger in the S condition than in the D condition, such randomization in the same manner as described previ-
subject differences account for a larger percentage of theusly; (c) performed 10000 such randomizations and rms-
variation in the S conditiofi(10.8—7.8) dB out of 10.8 dB  deviation computations; an@) used these results to esti-
or 28% than in the D conditiorf (5.3—4.8) dB out of 5.3 mate the probability density of the rms deviations for these
dB or 8.6%. randomized pseudo listeners.

An alternative way to compare Eq#2) and(A3) is to The results of this analysis are shown in Fig. 6. For each
calculate the correlations between the predicted and actuaf the conditions S and D, the figure shows both the rms
results in each case and determine the percentage of variatideviation obtained with the real listendrepresented by the
in the data for which the model accounts. These calculationdashed vertical lingsand the estimated probability density
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of the rms deviation for the pseudo listenéndle also cal- “Despite that fact that we refer to these randomizations as “pseudo-
culated the probab"'tp of achieving an rms deviation with listeners,” it should be noted that they represent 10 000 variations of 25

. . values taken 5 at a time from the actual data obtained from only five
the pSGUdO listeners that is less than or equal to the acw&ﬁ@teners. This analysis is designed to examine whether the variations ob-

rms deviation achieved with the real listenérs., of achiev-  served across the specific listeners used in this experiment are random or
ing the actual rms deviation by chanc&his quantity was  whether there are consistent differences among the results for these five

; ; i Jparticular subjects. This analysisnst equivalent to determining the varia-
calculated by estimating the area under the prObablhty dention that would be obtained if we actually observed 10 000 real listeners,

sity functions to the left of t.he_verti(_:al line in .Fig- 6. As but only considers whether the observed variation in the 25 data points we
shown, the probability of achieving this good a fit by chance obtained is purely random or has some listener-specific structure.
is less than 3% in the S condition but is roughly 50% in the®A rigorous evaluation of the model represented by @®) would require

. . : modifying the computations underlying the results shown in Fig. 6 in such
D condition. From this analysis, we conclude that COmpa‘re‘ja way that the measurement noise is taken into account for both the real

to the D condition(in which the amount of informational jisteners and the pseudo listeners. We believe, however, that such a modi-
masking is smaJl| the results for the S conditiofin which fication would add considerable complexity without providing much addi-
the amount of informational masking is Iabg;how not onIy tional insight beyond that obtained with the simplified model used to derive

. . . . the results shown in Fig. 6.
relat'vely Iarge mtersubject differencesee Table)l but also A more general concept of listener consistency might require only that L

at least a modest degree of consistency across experimentsgad E be separable in the sense that functions H, f, and g exist such that

To what extent these results would continue to hold for otherM(L,E) can be well estimated by the equation M(LEH(f(L),g(E)). In

subjects and other experimental conditions is, of course, unthe model used in this papéand ignoring the constaril(L,E)-], H

Known. merely adds (L) and gE), and_ fL) and QE)_ are chosen simply to equal

. . i M(L,E)F and M(L,E)", respectively. There is no guarantee, however, that
Fma”y' it should be noted that althoth the relatlvely this simple linear estimate is the best that could be found.

large rms deviations for the real listends8 dB for S and

4.8 dB for D) indicate that the model expressed by E&2)

is far from perfect, even if the model were perfect these rmarbogast, T. L., Mason, C. R., and Kidd, Jr., @002. “The effect of

deviations would necessarily be substantially greater thansSpatial separation on informational and energetic masking of speech,” J.

PR i Acoust. Soc. Am112, 2086—-2098.
zero because of the intrinsic noisiness of theL) mea- Bregman, A. S(1990. Auditory Scene Analysis: The Perceptual Organiza-

surements. In particular, note that if one averages the stan-ion of SoundMIT, Cambridge, MA.
dard deviations of these measuremeuisplayed by the er- Brungart, D. S(2001. “Informational and energetic masking effects in the

ror bars in Fig. % across listeners and experiments, the perception of two simultaneous talkers,” J. Acoust. Soc. A9, 1101—
: -, o 109.
results are 7.1 dB for condition S and 5.4 dB for condition DBrungart’ D. S., Simpson, B. D., Ericson, M. A., and Scott, K.(Z009.

(corresponding to standard errors of 2.9 dB and 2.2 dB, re- “Informational and energetic masking effects in the perception of multiple
spectively. With these numbers in mind, the rms deviations simultaneous talkers,” J. Acoust. Soc. AflLQ, 2527-2538.

Carhart, R., Tillman, T., and Greetis, RL969. “Perceptual masking of
of 7.8 dB for S and 4.8 dB for D do not look so Iar@m spondees by combinations of talkers,” J. Acoust. Soc. AB.694—-703.

additipn, more g_eneral models of |i5ten_er ConSiSt_enCy acroSSyriach, N. 1., Mason, C. R., Kidd, Jr., G., Arbogast, T. L., Colburn, H. S.,
experimentgnonlinear models, models incorporating param- Shinn-Cunningham, B(20033. “Note on informational masking,” J.
eters such as age, musical experience, ety be more  Acoust. Soc. Am(in press.

. . . - . urlach, N. I., Mason, C. R., Arbogast, T. L., and Kidd, Jr., (@003b.
appropriate descrlptlons of how listener differences Influencg“lnformational masking: Psychometric functions for ‘frozen’ and ‘mixed’

. 6 . . . .
masking: This simple linear representation was chosen be- maskers,”in Abstracts of Twenty-sixth Annual Mid-Winter Meeting of the
cause of its intuitive appeal and simplicity, not because we Association for Research in Otolaryngology, Vol. 26, p. 224.
believe it represents the “correct” model of how listener dif- E92n. J. P, Carterette, E. C., and Thwing, E(1854. “Some factors

f . affecting multi-channel listening,” J. Acoust. Soc. A6, 774—-782.
erences propagate across experiments. Espinoza-Varas, B., and Watson, C.($989. “Perception of complex au-

Overall, we interpret our results as confirmif the ditory patterns by humans,” i€omparative Psychology of Audition: Per-
existence of large intersubject differences in susceptibility to ceiving Complex Soundsdited by R. J. Dooling and S. H. Huls&r-

. . . . _ Ibaum, Hillsdale, Njl
informational masking an¢?) substantial, but far from per Freyman, R. L., Helfer, K. S., McCall, D. D., and Clifton, R. K1999.

fect, intrasubject consistency in susceptibility to informa-  «the role of perceived spatial separation in the unmasking off speech,” J.

tional masking across different types of informational mask- Acoust. Soc. Am106, 3578-3588.

ing experiments. Freyme}n, R. L.,‘ Balakrishr}an,_U., and Helfer, K._(_SOO],). “Spatial release
from informational masking in speech recognition,” J. Acoust. Soc. Am.
109, 2112-2122.

Yt should be noted that we do not necessarily equate perceptual graoping Kidd, Jr., G., Mason, C. R., and Arbogast, T.(2002. “Similarity, uncer-

fusion) with masking[see Bregmait1990 for a detailed discussion of this  tainty and masking in the identification of nonspeech auditory patterns,” J.

topic]. However, there is considerable evidence that when a target is per- Acoust. Soc. Am111, 1367—1376.

ceptually grouped with an informational masker, the target is generally lesKidd, Jr., G., Mason, C. R., Deliwala, P. S., Woods, W. S., and Colburn, H.

detectable than when the stimuli are manipulated to promote segregation. S. (1994. “Reducing informational masking by sound segregation,” J.

2The concept of masking due to perceptual similarity has been noted in the Acoust. Soc. Am95, 3475—3480.

speech literature beginning at least with Egztnal. (1954 who distin- Leek, M., Brown, M. E., and Dorman, M. F199]). “Informational mask-

guished between masking and “confusion.” Note also the close relationship ing and auditory attention,” Percept. Psychoph§8, 205-214.

between the terms “perceptual maskings used by Carhaet al. (1969] Lutfi, R. A. (1990. “How much masking is informational masking,” J.

and “informational masking”(as used by Freyman and colleagues and Acoust. Soc. Am88, 2607—2610.

Brungart and colleagues in their recent speech-masking)work Lutfi, R. A. (1993. “A model of auditory pattern analysis based on

We realize that our data show some interaction between listener and ex-component-relative-entropy,” J. Acoust. Soc. A@d, 748—758.

periment. This interaction is evident both when looking at Fig. 5 and whenLutfi, R. A., Kistler, D. J., Oh, E. L., Wightman, F. L., and Callahan, M. R.

considering the results of the ANOVA. Nevertheless, it also appears that (2003. “One factor underlies individual differences in auditory informa-

this interaction is sufficiently modest to warrant examination of listener tional masking within and across age groups,” Percept. Psychophys.

consistency across experiments. 396-406.

378  J. Acoust. Soc. Am., Vol. 114, No. 1, July 2003 Durlach et al.: Informational masking

Downloaded 21 Mar 2011 to 168.122.66.241. Redistribution subject to ASA license or copyright; see http://asadl.org/journals/doc/ASALIB-home/info/terms.jsp



Neff, D. L. (1995. “Signal properties that reduce masking by simultaneous, Richards, V. M., Tang, Z., and Kidd, Jr., @002. “Informational masking

random-frequency maskers,” J. Acoust. Soc. A8, 1909—1920. with small set sizes,” J. Acoust. Soc. Arill, 1359—1366.

Neff, D. L., and Callaghan, B. R1987. Auditory Processing of Complex Turvey, M. T.(1973. “On peripheral and central processes in vision: Infer-
Soundsedited by W. A. Yost and C. S. Wats@Rrlbaum, Hillsdale, N)J ences from an information-processing analysis of masking with patterned
pp. 37-46. stimuli,” Psychol. Rev.80, 1-52.

Neff, D. L., and Green, D. M(1987. “Masking produced by spectral un- Watson, C. S(1987. “Uncertainty, informational masking and the capacity
certainty with multicomponent maskers,” Percept. Psychop$s409— of immediateauditory memory,” inAuditory Processing of Complex
415. Soundsedited by W. A. Yost and C. S. Wats@kribaum, Hillsdale, NJ

Neff, D. L., and Dethlefs, T. M(1995. “Individual differences in simulta- pp. 267-277.
neous masking with random-frequency, multicomponent maskers,” JWatson, C. S., and Kelly, W. 31981). “The role of stimulus uncertainty in
Acoust. Soc. Am98, 125-134. the discriminability of auditory patterns,” iuditory and Visual Pattern

Neff, D. L., Dethlefs, T. M., and Jesteadt, \I.993. “Informational mask- Recognition edited by D. J. Getty and J. H. Howard, Erlbaum, Hills-
ing for multicomponent maskers with spectral gaps,” J. Acoust. Soc. Am. dale, NJ, pp. 37-59.

94, 3112-3126. Watson, C. S., Kelly, W. J., and Wroton, H. 1976. “Factors in the

Oh, E. L., and Lutfi, R. A.(1998. “Nonmonotonicity of informational discrimination of tonal patterns. Il. Selective attention and learning under
masking,” J. Acoust. Soc. Anil04, 3489—3499. various levels of stimulus uncertainty,” J. Acoust. Soc. A0, 1176—

Oh, E. L., and Lutfi, R. A(2000. “Effect of masker harmonicity on infor- 1186.
mational masking,” J. Acoust. Soc. Am08 706—-709. Wright, B. A., and Saberi, K(1999. “Strategies used to detect auditory

Oxenham, A. J., Fligor, B., Mason, C. R., and Kidd, Jr.,(203. “Infor- signals in small sets of random maskers,” J. Acoust. Soc. 20B, 1765—
mational masking and musical trainingijih review). 1775.

J. Acoust. Soc. Am., Vol. 114, No. 1, July 2003 Durlach et al.: Informational masking 379

Downloaded 21 Mar 2011 to 168.122.66.241. Redistribution subject to ASA license or copyright; see http://asadl.org/journals/doc/ASALIB-home/info/terms.jsp



